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compositions containing them. 

fTNF Rs) are provided. Th©se 

© «mers of the soluble Jen* * " 0f 
^Itimers are produced either by chermca I o ^°mb ^ ^ ^ „ TNF. 

TNF-Rs are useful for protecting mammals (including numd 
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6 (lymphotoan). Both ™ ^ „ TNF . are wo ^ fesp onse. Anwng q{ 

receptors (heremafter JN p « > tor (p55-TNF-R and P imrounolog.c* J »*« n 

binding of ^ ^ .^d^BP-ll have the ability to compete win 
* of structure, TBH and TBPt 0 , three 

T ^TB^TB P 7orires thereof ^ mMmBt5 hy covaient cross« 

■ --^=^1"- 
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• rnammals from the deleterious 

uprise the active ^' ed ^ However, nothing has 

. effects of TNF. These .compos Jons * V u biologica , acton « trirner binds to 

s.^i^s^"— * " """" 

„ TBP-I and TB ^' . ° ° "n the human body. The mulfcmers * *J^> , ower doseS . since 
they can effectively compete w.th the known 

methods which will result .n the formats ^ ^ ^ 

• ^herwayofproduc^^ 

techniques. In this way. mass,ve product* ^ ^ ^ be 

smpioyedfora^n^ ^ 
where excess of TNF .s either en y Qf ^ s0(uble {orrns «™ M compositions 

Such compositions ^P^J^^s as their active ingred.ent. The pharma shocki 

As used herein the term salts r QUp may be f0 med oy m and 

such as for example, hydrochloric add o hfl spared from the functional 

acetic acid or oxalic acid. , derjvatives wh.ch mav be prepa ^ jn the 

"Functional derivatives as used nere Qf c . termina | groups, oym 

0^1 =»"««>»•» ° ,, '" , ' v ' oi soluble forms ol TNF-Rs In which 

B,l m*"*' , , ,. j_ rruulnwa mark «P » lobK TNF .Rs by any 

n The pharmaceutical compos^ons accord , g Mm For example 'a he case^ot J.^.^ 

55 condition to be ««* ° p £ d while «» *» ^tsW le b °< «"»• 

intravenous admimstration w be pre adm(nlstered contmuously, i.e. by way 

The pharmaceutical compositions may aiso 
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condition and the body weight of the patient 

attending physician. tha invent ion are prepared in the usual manner, tor 

^pharmaceutical - acceptable earners 

example by mixing the active J ^ prepared in dosage form. e.g. by 

and/or stabilizers and/or excip.ents, as the case may 

those compartments. re tor sizes after covalent cross-linking with labelled TNF. 

Raures 1A and 1B: show the different , „ 8: 

Sopril^ and SDS-PAGE ^s.J^ ^'^ amaasoc ^ on between receptors. 
Rg 1A: 'precipe with prior tf^^f£gZ*m °* racte 0< non-transfected A9 ce s 
Potation of receptors from HeLa cells (lane 1). precipi TNF . R ( , an9 3) . and from extracts 

flane 2). from extracts of A9 cells ■^I'JJf human D55-TNF-R (lane 4). the 

» w^mk p55 - tnf - r (,ane 6K Th8 ,ane 

W rj^SlrS^ -ever witho. acidification prior to immunoprecipita- 
5 ^2schematica,^ 

^SaS^ ■ 
30 SmecelM Fig. 3A. . h|ch express a cytoplasmic deletion mutant of 

T l following examples illustrate the invention wfthout limiting if thereto. 

A9 ceils, as well asce.ls expressing me wild 
HeUcells were detached by radiolabeled TNF. Att,r 

W ere suspended in aliquots of 5X10' eel s in 1 ml WW ^ ^ Dulbecc0 . s balan c d 

incubation with occasional shaking to 4 hrsjn ce the ceu ^ i ^ bis(slilf0SUCC ln.m.dyl)- 

salt solution (PBS + ) and incubated for 20 ttjwjeW ^ pH ^ ^ (0 {|na 

uberate (Pierce). Cross-linking was ^ * *JKJ Jls were then extracted for 1 hr. at 
concentration of 100nM) followed by two washes wtf PBS l ^ 1% m x . 

4- C using 600 ul of a lysis buffer containing 20 mM Hep*. P m n ^ 3Q min . at 10 . 0 00xg 

00 mg/ml leupeptin and i One (portion A) was acidrfied by adding 90ul 1 M 

the cell extracts were divided into two equal portions.. One (porno , NaOH. To this portion 

J c£-HC. bufer pH 2.5 and. after 1 h, ino ce. m££ ^ ^ p55 . T NF-R were 
of the extracts as well as *^«*"r™V), ^ ° Sepharose beads (Pharmacia), equilibrated 

50 added. After 12 hrs further incubation at 4 C. 4 - c washed three times with the lysis buffer 

SpBS + . were added and, following ^ in 15 „ samp ,e buffer 

conning 2M KCI. *™^£%£££ and boiled for 3 min. The supernatant was 

— dV^lotpo^ 

L shown in Figs. 1A and 1B. Receptors for ™ ^"^ ^eti forms of the human P 55- 
These figures present the ^I^^J^^W 2) expressed in murine A3 cells and 
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«J2 in oSer to dissociate non-covalent aggregates of proteins (A) or wnn Qf nQn . 

S5 5 STi- Proteins. P^^JIJ^S « ^^"r 

♦IncfprtRd A9 ceils (lane 2), from extracts of A9 cells expre y A:24 4- 4 26 human p55-TNF-R 

whose sizes correspond to the ^^^^^tmM^^^^^ 1 ^ 
molecules (72 and 89 kD are denoted ^™ "T ^ , . b sti pp, ed | ines . . 
monomers dimers and trimers of TNF (17, 34 ^ receptor size , recognized 

^The antibodies, applied for 

•«^=,iu/ ihA receotors of human origin (solid arrows;. mt» HoWever in app cation of these 

" Z fS£ f norTtransfected A9 cells ' 
lodfe'o extracts of the A9 cells ^gTj " ^murine receptors, which were easily 
the human receptors, the antibodies preciprtated alsp som or ws) (lanes 3-6 in Fig. 

Sngtshable from the truncated ^.^^Ij^JJ* both receptors of human 

^z^^^s^- the preciprta,ion of the murine 

abolished (compare Fig. 1 A to Fig. 1 B). 

25 

EXAMPLE 2 

ft Pnn-tri^nnm mutant P6B-TNF-BS . • r _ 

>• v n oni? 4133 1) was cut with Banll(at nucleotides 

The cDNA of. the human ^^iZSI^Z^ -2 of large parts of the non-coding 
P1B-2221 and Nhel(at nucleotides 1723 and 1728), esu "' n 9 1 G Tn(n = 4-8) in the 3' non-coding 

^Sng an the * "^glJ^ ^Sa was earned 'out using the "Altered 

4c, Site directed rnuj^ 
Sites" (mutagenesis) kit of Promega. oiuh 
(mutant A:310-426) using the oligo^cleotjde. 

replacing amino acid 244 by a stop codon. 

" 1 komcior bhk lines were cultured with bulbecco's Minimal 

Cells of murine A9. L929. N.H3T3 ^^J^ Z un s/m. penicillin and 100,g/ml strap- 
Essential Medium (DMEM), ""^^^Trf*. mutant receptors were Mri 

£ p r C oCef = ss r c^r f« - 1 « P55 by ^ 

the ^ length human P 55-TNF-R and *e «d form of ^ ^ oMJ 

mutagenesis. — 244 (the AS44-426 human P 55- 
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inhibition of TNF function. . « ^ of monoclonal antibodies against the human p55- 

Fig. 3 illustrates the cytocidal effects of TNF (A and « r _ ^ jn Ag ce| , s e ss , n g 

TNF-R (B) in A9 cells, in A9 cells -"J^^SS t e : 31 u-426 human pSS-TNF-R, the :244-426 
the cytoplasmic deletion mutants of the human p» i jr 

human D55-TNF-R. and the :215:426 human p5S-JNFft ^ ^ cells/we „. TNF 

Ce.ls were seeded into 96-we.l plates, » ^^^"cHI (50 »** After further 11 hrs 
and the monoclonal antibodies, were applied red uptake assay. The two monoclonal 

button at 37- C, viability, of the cells ^. f^J " Jj? concentration specified in the figure. ^ 
^bodies were applied at equal ^^f^ff**** with CH. (50 *g/ml) 

A-244-426 human p55-TNF-R mutant. nj n express the full-length human 

A ' 2 Thus, while having a pronounced cytoadj ef.ec » n of the three truncated forms of the 

P55-TNF-R, the antibodies had no effect at a in 'f s J^ ^ Furthermore, testing the effect of TNF 
feceptor, suggesting that these truncated forms are no » _ r M on 

itJon the cells revealed that, in ^^^^Jl* forms of the receptors conveyed a 
results in increased sensrtivrty of the A9 cells to i . 

decreased reponsiveness to the cytocidal effect .of TNF „ si either on9 of the truncated forms of 

of the full length rodent receptors. 



EXAMPLE 3: 



30 t hese proteins 

35 0 ■ NH* 

Biotin - C - NH(CHa)* _ ™ - CONH* 
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receptors. . . . „ ahnua exceD t that the amino acid within the receptor 

Procedure .1: The reactions ?£^Z£Z?J& and that lysine endopeptidase is apphed 
chosen to be the C-terminal for the soluble receptors -.a y ^ a sjng|e amm0 acid 

instead of carboxypeptidase Use of *» of the so.uble receptor takes place. 

rj x^^^*"* was introduced ' ,or 

dlmers of the soluble receptors: ^ ^ are cross .,inked to form 
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NH - CHa -CHa - C0[NH-CH-C]„ 
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Br - CHa - C [NH-CH-C]r> 
I 

R . 



0 

NH - C - CHa - Br 



: . Unkers of different lengths can be ^J^^S^^^ ^ 

tetramers of the soluble receptors, as well as more ^complex f a are cross . lin ked' 

The soluble receptors * « h °* C f ™^ of the receptors are 

with Avidin. Each Avidin contains four Bohr, bind ng prtM. n tm y h 
formed. A,ternatively, par. of the four bmdng J^JJ^^o^f * formation of 

Biotin was linked. In that way several Avid, ™^^™ s approach allo ws also the binding of - 

receptors' sequence: _ mo |„ u | es ^ soluble forms of the TNF-Rs to 

Such multimers of TNF receptors are ^^^^".^^lote. (The latter following partial 
each other using cross-linking reagents ^ b J^S^^ dithiothreitol). 

■ ST-SSS." «S» * - p — - lipids by 

removal of the detergents. ^ inhibitory effect on TNF function: 

f) isolation of soluble receptor mulfmers *^**2™ISd chromatographically, and fractions 
Reparations of soluble ^^J^tSSS^'cwi 'he structures optimal 
ES "SSXX^^ K op r . y in r rs is performed, by applying 

EXAMPLE » rv aatin n of recombinant ™i ..n.eou.es comprising nucleotide sequences coding 
W the mummers of the -n-hu. 1N1-H. and their expression 
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"*r.r sssssc srs £i* — — — : - — 

. known in the art (see Maniatis et al.. opcrt.). D ° ub '° rf synthetic D NA linkers or blunt-ended 

Ssstk srr^sss — - — - - * — 

5 spe* nucleotide sequences containing ™,ption Session and production of t e 
DNA coding for the desired proteir, un ■ «h«rwy as to perm g^ g b 
protein. First, in order for the gene »^J^rtm ^ ^ process . There are a 

z^^^^ — efflciencies (s,ronfl and weak p 

promoted bacteriophage x, the bla promoter o the Jlatfamase 0 J^.. ^ , as the prok ^ 
o, the chloramphenicol acetyl transf erase .gem ^° ^pPR ^ x ^ Rr) the t ^ jg. 

strong « ^ 22^™i 

,evels of gene expression in Pf^^^STL Shine-Dalgarno sequence (SD sequence) 

30 ssjk^ sst™ — * - 3 — sequence of 168 

^oreukarvotichosts.d.erenttrans^ 

depending on the nature of the host. They may be den ed ^ witn a pa ^ u ar gene 

papilloma virus, Simian virus, or the l.ke were he^ eg uWo* 9 ^ ^ ^ SV40 ,y 

35 which has a high level of ^^^l^ initiation regulatory signa.s may be selected 
promoter, the yeast ga14 gene promoter etc. T»J^ ^ be modulated . 

which allow for repression and actuation, ~*f ."^^^ for the TNF multimers of the invention 
^e DNA molecule comprising the """^^fi^^ is inserted into a vector which . 
• and the operably linked cell chromosome. The cells which have 

„ ranahiP of inteqrating the desired gene sequences imo u>» sa , ected Dy also introducing one or 

40 JSCS ^introduced DNA into their ^ J^^ssJ vector. The marker may 

more markers which allow for select ^J*™*£^ e . g ., antibiotics, or heavy metals, such as 
provide for prototrophy to an «^^J^^J^Ll linked to the DNA gene sequences o 
copper, or the like. The «^ te h ^^^*£«oa Additional elements may also be needed 
« be expressed, or introduced into the same «^°™^ elernen » s may include splice signals as 
for optima, synthesis of ^T^^SZZ^ cDNA expression vectors incorporating 
well as transcription promoters, enhancers ana ^ (1983) Mo l. Cel. Biol. 3:280. 
Lh elements include those Ascribed by 0kayama H19W Mo d g ^ of wa , 

to a preferred embodiment, the mtroduced Factors of importance in selecting a 

vector between host cells of different sP ac ' es . Qf replication in Ecoli, for 

55 Preferred prokaryotic vectors mdude p asmids such as Maepular^o^ 

example, P BR322, ColE1. pSC101. pACYC 184 etMsee Ma {Q ^SSTC^^^^. 

mJi, oj-cit.); Bacillus «*J ™ SsComyces pl^s inc.W^ra 

' oTIhTBacilli, Academic Press. NY (istwj. PP- ™ 
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al., in: Riv thlnternational Symposium °IL ^2 ^] a ' 6S Rev. Infect. Dis. 8:693-704), and 

(19 B6) pp. 45-54), and Pseudomonas ptesmids (John, Jr., ■ k i 

Izaki, K. (1978) Jpn. J. Bacteriol SV40 2 . micron circ | B , etc., or their derivatives. 

Preferred eukaryotic plasrmds '"^ B ™"?' n " ' < 19 e 2) Miami Wint. Symp. 19:265-274; Broach, 

direct microinjection, etc. pr okaryotic or eukaryotic. Preferred prokaryotic 

Host cells to be used in this ^^^^IpZmhs, Salmonella, Serratia, etc. The 
hosts inciude bacteria ^^S^SSXS^^ Merest *** ™ *"J 2£ * 
most preferred P«^^ "^^^t^lloV. lambda" prototropic (ATCC 27325)). and 

correct folding or glycosylate at come I sites »ye s exist which uti |, ze stro ng 

25 modifications including ^^J^^^SS can be utilized for production of the desired 

^S^SV^SSZ ZZZSZ* — — 9ene > M ~ secretes 

peptides bearing leader sequences (i. e I jn , se | ective medium, which selects for the 
of th^TNMtSi or by affinity purification on ligand (TNF) columns. 



35 Claims 



4 0 2. ' A multimer according to claim ,1 in dimeric form. 

3 A multimer according to claim 1 in trimeric form. 

, A mu.mer according 

5. A multimer according to any of claims 1 to 4 comprising TBP-I. 

6. A multimer according to any of claims 1 to 4 comprising TBP-H. 

so 7 . A multimer according to any of claims 1 ,o 4 comprising a mixture of TBP, and TBP-.I. 

^^^^^^^^^^^^ 

linking the C-termini of the soluble forms of TNF-R. . 
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1t . a process according to Cairn 9 or claim 10. wherein the abated crosier is o* the formuia: 

5 P \. NH - CHa - CHa - C0[NH-CH-C]„ - NH - N 

— < R 0* 

10 iZ A process according to ciaim 9 or ciaim 10. wherein the activated cross-linker is of the .ormuia: 

0 o o 
Br - CHa - C INH-CH-Clr. - NH - C - CHa - Br 
R 

M tt a process according to Cairn 8. wherein cross,in k ing is effected by introduction ot Biotin to the C 
terminus followed by cross-linking with Avidin. 

14 . A process according to claim 13, wherein Streotavidin is emp.oyed instead of Avidin. 

11 A DNA molecule comprising a nucleotide sequence encoding a muitimer of a solubleform of TNF-R. 

16 . A DNA mdecu.e according to Cairn 15, Wherein the nucleotide sequence comprises genomic DNA. 

30 17. A DNA molecule according to Cairn 15, wherein the nucleotide sequence comprises cDNA. 

li A DNA molecule according to ciaim 15, wherein the nuc.eotide sequence comprises synthetic DNA. 

according to any one of claims 1 to 7. 

21. A host cell transformed with the replicable expression vehicle according to claim 20. 

22. A prokaryotic host cell according to claim 21. 

45 23. A eukaryotic host cell according to claim 21 . 

v„»r nf a c-ninhiB form of a TNF-R comprising culturing a transformed 
■24. A process for preparing a mutton* of > solubl form a ^ Mg ^ 

host cell according to any one of claims 21 to U> in a sun* 
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multimer. 

50 



stabilizer. 

55 » A pharmaceutic, composition according to Cairn 25, comprising (iposomes containing multiple mol- 
ecules of the soluble TNF-Rs. 

. m- ^ ^i a im o< nr 26 for orotecting mammals from the deleterious 

27. A pharmaceutical composition according to claim 25 or 2b tor proiect y 
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effects of TNF. 
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FIGUREJ.A 
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FIGURE 3 
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